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ABSTRACT
Background: Porcelain crown restorations are often found in patients. Problems that may occur when bonding the bracket on 
the restoration is dislodged bracket and there is damage to the porcelain. The use of silane coupling agent has been reported to 
increase the bond strength and maintain the integrity of the porcelain. Purpose: This study aimed to see differences of shear bond 
strength using three materials of silane coupling agent with different organosilane composition. Method: This study uses 21 
porcelain plates that are divided into three groups, they are silane coupling agent Monobond-Plus (Ivoclar Vivadent), Ultradent 
Silane (Ultradent product) and Porcelain Repair Primer (Ormco). The surfaces of 21 porcelain plates are given a 37% phosphoric 
acid etching, silane coupling agent material and Transbond XT adhesive (3M Unitek). Once the bracket is bonded on the surface 
of the porcelain plate then soaking/immersed in distilled water for 24 hours and the shear bond strength was tested with test 
equipment Universal Testing Machine Shimazu AG-5000. Result: The results showed statistically significant differences in shear 
bond strength from three silane coupling agent material. Material A has the highest shear bond strength (12.827 ± 1.228 MPa) 
and B has the lowest shear bond strength (6.295 ± 0.642 MPa). Those three ingredients meet the minimum criteria of shear bond 
strength,which is 6-8 MPa. ARI scores on material B showed a clean porcelain surface, while the materials A and C show the 
presence of bonding adhesive on the entire surface of the porcelain. Conclusion: Materials A and C are used if the porcelain will 
be replaced, while materials B is used if the porcelain will not be replaced.
Keywords: Shear bond strength; metal bracket; porcelain surfaces; silane coupling agent
ABSTRAK
Latar belakang: Restorasi porselen untuk mahkota tiruan cekat semakin sering dijumpai pada pasien. Masalah yang mungkin 
terjadi saat bonding braket pada restorasi tersebut adalah braket mudah terlepas dan terjadi kerusakan pada porselen. Penggunaan 
bahan silane coupling agent dilaporkan dapat meningkatkan kekuatan rekat dan menjaga integritas porselen. Tujuan: Penelitian 
ini bertujuan untuk melihat perbedaan kuat rekat geser pada pemakaian tiga bahan silane coupling agentdengan komposisi 
organosilane yang berbeda. Metode: Penelitian ini menggunakan 21 plat porselen yang dibagi menjadi 3 kelompok, yaitu yang 
menggunakan bahan silane coupling agent Monobond-Plus (Ivoclar vivadent), Ultradent Silane (Ultradent product) dan Porcelain 
Repair Primer (Ormco). Permukaan 21 plat porselen diberi etsa asam fosfat 37%, bahan silane coupling agent dan bahan adhesif 
Transbond XT (3M Unitek). Setelah braket direkatkan pada permukaan plat porselen dilakukan perendaman dalam aquadest 
selama 24 jam dan dilakukan pengujian kuat rekat geser dengan alat uji Universal Testing Machine Shimazu AG-5000. Hasil: 
Hasil yang diperoleh terdapat perbedaan kuat rekat geser yang signifikan secara statistik dari ketiga bahan silane coupling agent. 
Bahan A mempunyai kuat rekat geser tertinggi (12,827 ± 1,228 MPa) dan B mempunyai kuat rekat geser terendah (6,295 ± 0,642 
MPa). Ketiga bahan tersebut memenuhi kriteria kuat rekat geser minimal yaitu 6-8 MPa. Skor ARI pada bahan B memperlihatkan 
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permukaan porselen yang bersih, sedangkan bahan A dan C memperlihatkan adanya bahan adhesif yang merekat seluruhnya di 
permukaan porselen. Simpulan: Bahan A dan C baik digunakan jika porselen akan diganti, sedangkan bahan B baik digunakan 
jika porselen tidak akan diganti.
Kata kunci: Kuat rekat geser; braket metal; permukaan porselen; silane coupling agent
INTRODUCTION 
Adult	patients	 in	general	have	a	 complex	oral	
cavity	 conditions,	 such	 as	 periodontal	 tissue	
disorders,	 tooth	 loss,	 dental	 caries,	 and	 dental	
restorations	 (fillings)	 for	 example:	 porcelain	
restorations.1,2	Porcelain	restoration	is	usually	used	
to	correct	tooth	with	extensive	cavities,	tooth	after	
root	 canal	 treatment,	 and	 to	 replace	 tooth	 loss.	
Porcelain	 restoration	 is	 also	more	expensive	 than	
other	 types	 of	 restorations.3,4	 Therefore,	 dentist	




the	process	 of	 bonding	 and	de-bonding	bracket.	
The	bonding	process	 is	an	essential	 step	 in	order	
to	produce	good	orthodontic	treatment.5	Previous	
studies	 explained	 that,	 the	 bracket	 bonding	 on	
the	 surface	of	porcelain	 restorations	 resulting	 in	
damage	to	the	restoration	and	cannot	be	avoided.3,8 




mechanically.3,9-14	 This	 process	 can	 cause	 cracks	









of	organosilane.	Therefore,	 it	 is	 important	 for	 the	
orthodontist	 to	determine	 the	 composition	of	 the	
silane	coupling	agent	material	in	order	to	produce	
an	 enough	bond	 strength	 (6-8	MPa)	between	 the	
metal	 bracket	 and	porcelain	 restoration.18	 Silane	












The	 strength	 of	 bond	 friction/shear	 (shear	
bond	strength)	 is	 the	ability	 to	hold	while	 taking	
friction/shear	 coming	 from	 the	parallel	direction	
to	the	surface	of	the	object,	such	as	the	force	while	





wanted	 to	 know	 the	difference	 between	 the	use	
of	 three	 silane	 coupling	 agent	materials,	 namely	
Monobond-Plus,	 Ultradent	 Silane	 Primer	 and	
Porcelain	 Repair,	 in	 the	 application	 of	 shear	
bond	strength	metal	bracket	 to	 the	 surface	of	 the	
porcelain.	












light,	 stopwatch,	plastic	 jars,	paper	 stirrer,	plastic	
brushes,	PVC	cylinder	 (diameter	 =	 18.8	mm	and	
height	 =	 10	mm),	 plastic	 filling,	 incubators,	 test	
equipment	Universal	 Testing	Machine	 Shimazu	
AG-5000,	 a	 stereomicroscope,	ultrasonic	 cleaner,	
decorative	resin,	Ivoclar	Vivadent	Monobond	Plus,	
Ultradent	 Silane-Ultradent	 Products,	 Porcelain	
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The 21 porcelain specimens were divided into 3 
groups: the porcelain surface applied with silane coupling 
agent Monobond-Plus (A) material, the porcelain surface 
applied with Ultradent Silane silane coupling agent 
(B) material, the porcelain surface applied with silane 
coupling agent Porcelain Repair Primer (C) material. The 
21 incisor bracket of right central maxillary (Densply, 
GAC) is divided evenly into 3 groups (each group totalled 
7). The surface of 21 porcelain cylindrical specimens 
(diameter 8 mm and height 3 mm) coated with red wax 
and then implanted into the PVC cylinder (diameter 
18.8 mm and height 10 mm) with decorative resin as 
the mediator. The surface 21 specimens were cleaned 
with pumice powder with a low-speed brush, rinse with 
water and dried off. Then, the 21 specimens were put 
into ultrasonic cleaner to be cleaned and then dried off. 
Then, on to the 21 specimens, applied the etching using 
37% phosphoric acid for 60 seconds, rinse with water and 
then dried off, group A (7 specimens) has been given the 
silane coupling agent A material for 60 seconds and dried 
off with air spray, group B (7 specimens) has been given 
silanes coupling agent B material for 60 seconds and dried 
off with air spray, group C (7 specimens) has been given 
silane coupling agent C material for 60 seconds and dried 
off with air spray, then apply bonding material on the 
bracket mesh. Excess of bonding material are disposed 
and then irradiate with light-cured for 20 seconds each 
from the mesial, distal, occlusal and cervical, then the 
specimens were stored in distilled water (aquadest) at a 
temperature of 37°C for 24 hours,23 shear bond strength 
measurements performed on the second day of the test 
using Universal testing Machine Shimazu AG-5000 with 
a speed of 0.5 mm/min and a maximum load of 50 kg. 
Force value obtained will be noted. Research data will be 
processed and tested statistically with SPSS 17 computer 
program. Univariate analysis was performed to obtain 
an average value, median, maximum, minimum, and 
standard deviation of each group. Bivariate analysis is to 
analyze differences in shear bond strength for the three 
types of materials silane coupling agent using one-way 


















Figure 1. Tools and Material Research. A) 21 porcelain 
speciments; B) pumice powder and low speed brush; 
C) light cured; D) microbrush; E) silane coupling agents; 
F) etsa (37% phosphoric acid); G) bonding material.
Table 1. Mean and standard deviation data of the metal bracket 
shear bond strength to porcelain surfaces using the 
three materials of silane couping agent (MPa)
Group N Mean ± s.d
A 7 12,827 ± 1,228
B 7 6,295 ± 0,642
C 7 11,098 ± 0,646
Table 2. One way Anova test of differences between metal 
bracket shear bond strength to the surface of the 
porcelain using three silane coupling agent material 
(MPa)
N Mean ± SD P
Silane Coupling Agent A 7 12,827 ± 1,228 < 0,001
B 7 6,295 ± 0,642
C 7 11,098 ± 0,646
Value of p < 0.05 = statistically significant difference
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above,	 Post-Hoc	 statistical	 tests	was	performed.	
Post-hoc	 tests	 showed	 that	 there	were	 significant	
differences	 between	 the	 application	 of	 a	 silane	







Besides	 shear	 bond	 strength	measurement,	





These	 results	 indicate	 that	 in	 group	A	and	C	








of	phosphoric	acid	etching.	The	problem	 is	 if	 the	
surface	of	the	tooth	is	restored	to	get	its	integrity,	





more	 expensive	 than	other	 types	of	 restorations.	
Therefore,	 in	 the	process	 of	 bonding	bracket	 on	






and	 to	maintain	 the	 integrity	of	 the	porcelain.	To	
improve	the	bonding	strength,	the	rules	of	a	silane	





In	 group	A,	 a	 silane	 coupling	 agent	 used	 is	
Monobond	plus	 that	 content	<	2.5%	organosilane	
Table 3. Post-hoc Bonferroni test of significant differences in the 
metal bracket shear bond strength to the surface of the 
porcelain using three silane coupling agent material 
(MPa)
Group Nilai p
A-B 0,000 p < 0,05
A-C 0,005 p < 0,05
B-C 0,000 p < 0,05
Value of p < 0.05 = statistically significant difference
8 
 
         
 
 
Figure 2. Adhesive Remnant Index 0 = no adhesive left on the tooth surface / other 
substrates, 1 = less than 50% of adhesive left on the tooth surface / other 
substrates, 2 = more than 50% of adhesive left on the surface dental / other 
substrates, 3 = entire adhesive left on the tooth surface / other substrates, 
characterized by the presence of a basic imprint bracket. 
Table 4. Adhesive Remnant Index (ARI) 
Adhesive Remnant Index Kelompok 0 1 2 3 
A 0 0 6 1 
B 5 2 0 0 
C 0 0 5 2 
 
 These results indicate that in group A and C residual adhesive is almost 
entirely stuck to the porcelain surface, while in group B there is only a fraction / 
no residual adhesive on the surface of the porcelain.  
 
DISCUSSION  
The principle of the bracket bonding to the tooth surface is through the 
presence of microporosity in tooth enamel, which is obtained by the application of 
phosphoric acid etching. The problem is if the surface of the tooth is restored to 
get its integrity, then the formation of microporosity for bonding process becomes 
difficult. This is common on the ceramic restoration. In the anterior teeth that 
require high aesthetic, feldspathic ceramic or porcelain is usually used. Porcelain 
crown is a restoration which more expensive than other types of restorations. 
Therefore, in the process of bonding bracket on porcelain restorations, there are 
Figure 2. Adhesive Remnant Index 0 = no adhesive left on the 
tooth surface/other substrates, 1 = less than 50% of 
adhesive left on the tooth surface/other substrates, 
2 = more than 50% of adhesive left on the surface 
dental/other substrates, 3 = entire adhesive left on 
the tooth surface/other substrates, characterized by 
the presence of a basic imprint bracket.
Table 4. Adhesive Remnant Index (ARI)
Kelompok
Adhesive Remnant Index
0 1 2 3
A 0 0 6 1
B 5 2 0 0
C 0 0 5 2
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composition	 (MPS),	 50–100%	ethanol	 and	<	 2.5%	
phosphoric	 acid	 ester	methacrylated.	Group	B,	 a	
silane	coupling	agent	used	is	Ultradent	Silane	that	
content	 5–15%	organosilane	 content	 (MPS),	 92%	
isopropyl	alcohol,	<	1%	acetic	acid.	Group	C,	a	silane	
coupling	 agent	used	 is	Primary	 repair	Porcelain	




with	 groups	 B	 and	C	 that	 content	much	more	
organosilane.	This	probably	occurs	because	of	the	
presence	of	phosphoric	 acid	 ester	methacrylated	
of	 <2.5%	 in	 the	preparation	of	 a	 silane	 coupling	
agent.	Methacrylated	phosphoric	acid	ester	 is	 the	
active	 ingredient	 in	 self-etching	 solution	primer.	
Phosphoric	acid	and	methacrylate	groups	combined	
into	a	molecule	 that	 can	 simultaneously	 function	
as	 etching	 and	primer.	 Therefore	methacrylated	
phosphoric	 acid	 ester	 possible	 binding	 to	 the	






groups	A	and	C.	 Silane	 coupling	agent	B	has	 an	
additional	composition	which	is	acetic	acid.	Acetic	
acid	 is	 used	 to	 accelerate	 the	 process	 of	 silanol	
condensation	into	oligomers,	so	that	oligomers	can	
be	maximum	formed	automatically.	These	conditions	
may	 increase	 the	 covalent	bond	between	 the	OH	
group	 of	 oligomers	with	 inorganic	 substances	








bond	 strength	organosilane	 and	more	 content	of	













In	 this	 study,	 in	 addition	 to	 the	measurement	
of	 shear	bond	 strength,	 observations	of	 adhesive	














because	 the	 shear	bond	 strength	hold	 enough	 to	
receive	an	orthodontic	force	and	on	the	porcelain	
surface	there	is	no/few	remaining	adhesive,	so	the	
possibility	 of	 porcelain	 fracture	 is	 small.	 Silane	
coupling	agent	A	and	C	materials	can	be	used	only	
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